We demonstrate that neutron dif 
Introduction
Elevated temperatures can exert a profound influence on cracking in crustal rocks, especially in regions where high geothermal gradients are associated with relatively low lithostatic stresses; such as mid-ocean ridges, volcanic regions and geothermal regions. Crucially, thermally enhanced cracking can also lead to enhanced permeability and fluid flow (Glover et al., 1995; Jones et al., 1997). However, whilst the thermal expansivity of mineral single crystals has been widely tabulated (e.g. Fei, 1995) and theoretical bounds for thermal expansion of polycrystalline rocks have been investigated (e.g. Walsh, 1973) , there remain fundamental gaps in our understanding of the micromechanisms that lead to thermal cracking in rocks. One reason for this is the difficulty of directly measuring the thermally-induced internal strains in rock during heating. Traditional strain measurement techniques provide information only at free surfaces, and this may well not be representative of the strain within the interior of the rock. Previously, it has been possible to monitor thermal cracking in rocks only indirectly during heating (e.g. by acoustic emission monitoring; Glover monitoring is a well-established technique for studying microcracking in rocks, and it is now possible to use neutron diffraction measurements to quantify elastic strains within the interior of solid materials (Ezeilo & Webster, 1999 ). Here we report on the integrated use of these two techniques to investigate the evolution of thermal strain and the onset of thermal cracking in rock samples during heating.
The thermal expansion of a mineral grain in a polycrystalline aggregate is constrained by the expansion of its neighbouring grains and so is different from the unconstrained single crystal value. In order to obtain the polycrystal value it is necessaD' to quantify the constraint. Experimentally, this means that it be possible to determine the thermally-induced elastic strains in the aggregate, so that the stresses can be calculated. This is difficult because the strains are small, and the interior of samples previously inaccessible to experimental measurement. However, the penetrating nature of neutron radiation, which is typically several orders of magnitude greater than for X-rays, allows the lattice parameters of the minerals making up the rock to be determined within the interior of solid samples. By monitoring the change in lattice parameters, the average elastic strain within the volume element sampled by the neutrons may be determined as a function of temperature. By comparing these lattice parameters with those obtained as a function of temperature for unconstrained single crystals, the constraint offered by neighbouring grains in a polycrystalline aggregate may be quantified.
A New Experimental Approach Combining Neutron Diffraction and Acoustic Emissions
The three main causes of thermal stressing in rocks are; (i) thermal gradients, (ii) thermal expansion mismatch between different mineral phases, and (iii) thermal expansion mismatch between differently oriented grains of the same phase, where that phase has anisotropic thermal expansion. To simplify the problem, we have attempted to eliminate causes (i) and (ii) by heating at a low rate that produced a maximum temperature difference across our samples of only about IøC, and by using a monomineralic rock. The sample material was the Basal Quartzite from the Cambro-Ordovician Eribol Sandstone formation in north-west Scotland. This is a very pure quartzite (>99% quartz) with a relatively uniform grain size in the range 0.4 to 0.5 mm, and a porosity of 1.6%. Samples comprised either cores of quartzite 12 mm in diameter and 40 mm in length, or quartzite powder, from the same rock, held in a neutron-transparent vanadium can of the same size. In order to ensure that the rock was completely broken into its constituent crystallites, whilst introducing the minimum amount of damage, it was crushed and then wet-ground to -20 grn in a McCrone micronising mill.
For the experiments reported here we used the high-resolution powder diffractometer (HRPD; Ibberson et al., 1992) •his is entirely as expected. Each grain in the unconstrained powder is free to expand fully with increasing temperature, whereas each grain in the bulk rock is partially constrained by the expansion of its neighbouring grains; we term this the internal self-constraint. By cxmtrast, the bulk rock expands more than the rock powder along the caxis. Again, this is also as expected, and is a consequence of the thermal expansion (a) anisotropy of quartz. The internal self-constraint does not allow the crystals in the bulk rock to expand fully in the high expansion a direction, and the resulting stress produces an additional component of strain in the low expansion c direction. Measurements of the mean thermal expansion coefficients (Bass, 1995) of our quartzite powder ({x• and a3) are presented in Table 1, 
